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L  Abstract 

Parallel  laminated  vanaar  (PLV) 
products  ara  manutacturad  by  adheaive 
bonding  of  rotary-paalad  vanaar  It  has 
been  eatlmated  that  a  production  line 
PLV  process  could  convert  green  logs 
Into  a  finished  structural  laminate  in  lass 
than  an  hour 

Press-Lam,  a  PLV  product  under 
Investigation  at  the  U  S  Forest 
Products  Laboratory,  has  exhibited 
decreases  in  variability  of  mechanical 
properties  and  increases  in  chemical 
preservative  penetration  and  retention 
when  compared  to  solid-sawn  lumber 

A  prototype  highway  bridge 
constructed  entirely  ot  Press-Lam  has 
been  erected  by  the  Virginia 
Department  of  Highways  and 
Transportation  This  bridge  was  field 
tested  to  Its  AASHTO  HS-20  design 
load  Preliminary  allowable  stresses 
were  determined  by  data  obtained  from 
destructive  laboratory  tests  on  18  lull 
scale  stringers  and  6  sections  ot 
decking  made  from  Douglas-flr  Press- 
Lam 

In  the  (ace  of  dwindling  supplies  of 
large  structural  timbers.  PLV  products 
are  attractive  alternatives  tor  exposed 
structural  applications  ^ 
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demonstration  highway  bridge 
structure  The  bridge  work  described 
here  covers  one  ot  tour  FPL  chosen 
demonstration  uses  ot  PLV  tor 
structural  and/or  specialty  products 
Other  demonstration  uses  include 
railroad  ties,  electrical  distribution 
crossarms,  and  basement  beams 
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The  concept  of  parallel  laminating 
veneer  into  thick  sheets  of  any  width  or 
length  is  being  examined  as  an 
alternative  to  solid-sawn  timber  or 
glulam  for  structural-sized  or  specialty- 
type  members.  Research  work  on  this 
concept  of  improved  resource 
utilization  has  been  going  on  for 
several  years,  and  has  been  conducted 
by  researchers  in  the  USDA  Forest 
Service  (13,23.24)'  and  the  Canadian 
Forestry  Service  (6),  and  by  the  forest 
products  industry  (21 ).  Investigations 
by  these  research  groups  have  resulted 
in  a  number  of  concepts  for  producing 
parallel-laminated  material.  Process 
variables  that  have  been  investigated 
include  veneer  thicknesses,  adhesive 
types,  drying  methods,  and  laminating 
techniques. 

Research  in  the  last  10  years  has 
shown  that  laminated  veneer  products 
offer  advantages  of  increased  product 
yield  and  improved  product 
performance  when  compared  to 
conventional  lumber.  Because  of  the 
dispersion  of  wood  defects  inherent  in 
the  laminating  process,  lower  limits  of 
bending  strength  can  be  increased, 
and  stiffness  can  be  more  uniform. 
Additionally,  research  at  the  Forest 
Products  Laboratory  (FPL)  (29)  has 
shown  that  preservative  treatment  of  a 
difflcult-to-treat  species  is  improved 
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considerably  whan  laminations  are 
peeled  rather  than  sawn.  In  other 
words,  a  product  can  be  made  which 
can  reliably  meet  a  given  set  of  end- 
use  requirements. 

Research  teams  at  FPL  have 
examined  the  basic  physical  and 
mechanical  properties  of  parallel 
laminated  veneer  (PLV),  and  evaluated 
potential  markets  for  products 
assembled  using  this  technology.  This 
product,  called  Press-Lam,  is  made 
using  a  veneer  lathe  to  cut  the  wood,  a 
heated  press  to  dry  it,  and  adhesive 
and  a  cold  press  to  produce  a 
continuous  sheet  of  wood  with 
thickness,  width,  and  length  restricted 
only  by  the  size  of  production  line 
equipment.  This  sheet  can  then  be 
ripped  and  cross-cut  to  the  desired 
end-product  dimensions.  The  overall 
process,  as  used  to  produce  the  bridge 
components  for  this  study,  is  shown  in 
figure  1 .  The  finished  product  differs 
from  plywood  in  that  all  veneers  are 
placed  with  the  grain  parallel  to  each 
other  and  that  thick  veneers  (up  to  Mr 
in.)  are  used.  The  name  Press-Lam  was 
coined  to  reflect  the  use  of  presses  to 
dry  the  veneer  and  to  apply  pressure 
during  lamination. 

A  bridge  demonstration  structure 
was  chosen  because  Press-Lam  might 
be  well  suited  to  tilt  a  current  national 
need.  The  U  S.  Department  of 
Transportation,  Federal  Highway 
Administration,  has  estimated  that  over 
100,000  small-span  bridges  in  the 
United  States  are  in  need  of  repair  or 


replacement.  The  estimated  cost  of 
upgrading  these  bridges  ranges  as 
high  as  $23  billion  (?)  Many  of  these 
bridges  could  be  replaced  with  timber 
bridges  which  exhibit  advantages  of 
long  life,  competitive  cost,  ease  of 
installation,  and  a  visual  compatibility 
with  natural  settings 
These  Federal  Highway 
Administration  statistics,  coupled  with 
the  fact  that  timber  bridges  have  played 
an  important  role  in  Forest  Service 
bridge  history,  made  the  choice  of  a 
demonstration  structure  an  easy  one 
A  cooperative  project  was  organized 
for  the  design,  manufacture, 
installation,  and  in-service  evaluation  of 
a  bridge  to  be  made  entirely  from  PLV 
components.  A  cooperative  agreement 
with  the  following  agencies  was 
developed  to  accomplish  this  task. 

State  of  Virginia  Department  ot 
Highways  and  Transportation 
(VDH&T) 

Provided  the  bridge  site  in  the 
George  Washington  National  Forest 
Approved  the  final  bridge  design. 
Erected  the  finished  bridge  structure 
Will  be  monitoring  the  bridge 
performance  over  the  next  5  years 
U  S.  Department  of  Agriculture.  Forest 
Service 

National  Forest  System 
Engineering  Office— Provided 
funds  for  procurement  of  the 
materials  for  the  bridge 
components.  Provided  overall 
project  management  and 
guidance. 
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The  preliminary  bridge  design,  baaad 
upon  aMumad  material  propertiea  from 
previous  FPL  research  (23.24).  callad 
for  longitudinal  stringers  4W  inches 
wide  by  20  inches  deep,  spaced  2  feet 
apart,  and  a  transverse  deck 
approximately  3'v  inches  thick  Enough 
Press-Lam  dimension  material  was 
manufactured  for  both  the  finished 
structure  and  for  the  test  program  The 
tests  were  used  to  verify  the  assumed 
design  properties  tor  the  primary 
structural  members 

Raw  Material  Characterisation 

A  total  of  23  Douglas-ttr  logs  (up  to  32 
ft  long  and  about  24  in  diameter)  were 
cut  into  4  to  7  bolts  (52  in  long)  per  log 
A  2-  to  3-inch-thick  disk  was  removed 
near  the  middle  of  each  log  and  used  to 
determine  diameter,  moisture  content, 
specific  gravity,  and  ring  count  (table  t) 

In  Oouglas-fir  logs  of  these  diameters 
the  width  of  sapwood  is  typically  small. 

1  to  3  inches  The  moisture  content 
(ovendry  basis)  of  sapwood  was  as  high 
as  140  percent,  whereas  heartwood  was 
consistently  between  30  and  35  percent, 
which  is  typical  tor  fresh  logs  Some  of 
the  veneer  contained  both  sapwood 
and  heartwood  Veneers  having  greater 
than  25  percent  sapwood  were 
classified  and  dried  as  sapwood  veneer 
The  amount  of  the  veneer  classified  as 
sapwood  varied  from  10  to  30  percent  In 
the  bolts,  averaging  1 8  percent  (table  1 ) 
Because  the  red  oak  logs  were  used  in 
secondary  structural  components, 
detailed  specific  gravity  and  ring  count 
measurements  were  not  determined 

Following  peeling  and  clipping,  all  of 
the  veneer  was  visually  graded  into  five 
different  classes  (table  2)  which  closely 
paralleled  common  veneer  grades  (23) 
The  total  number  of  knots  in  each  class 
was  also  recorded  It  should  be  pointed 
out  that  veneer  is  commonly  graded  as 
full-sire  sheets  (48  x  96  in  )  compared  to 
21-  by  48-inch  sheets  in  this  case  This 
fact  tends  to  shift  the  apparent  veneer 
quality  in  this  study  to  higher  grades 

Veneer  Cutting 

The  Douglas-flr  and  red  oak  logs  were 
stored  outside,  and  were  sprayed  with 
water  anytime  the  temperature 
exceeded  40°  F  All  logs  were  cut  into 
52-inch-long  bolts  with  a  chain  saw, 
heated  in  water  prior  to  debarking,  and 
peeled  on  a  4-foot  lathe  The  1  Si 
Oouglas-ftr  bolts  were  heated  to  140"  F 


for  92  hours  prior  to  peeling  For  the  32 
red  oak  bolts,  a  double  heating 
schedule.  120"  F  for  24  hours  and  160"  F 
for  approximately  36  hours,  was  used  to 
minimize  thermal  end  checking  All  bolts 
were  chucked  on  their  geometric  centers 
The  Douglas-fir  bolts  were  peeled  to  a 
thickness  of  0  420  inches,  and  the  red 
oak  bolts  were  peeled  to  0  386  inches 
Eight-inch-diameter  chucks  were  used 
for  peeling  to  core  diameters  of  9  5 
inches 

Of  the  Douglas-fir  bolts  processed, 
only  four  split-outs  occurred  at  peeled 
diameters  ranging  Irom  10'«  to  16'v 
inches  No  spin-out  or  split-out 
problems  were  encountered  with  the 
red  oak  bolts 

The  Oouglas-fir  veneer  was  clipped  to 
a21v*-inch  width  The  Douglas-fir 
sapwood  was  separated  from  the 
heartwood  to  accommodate  different 
drying  schedules  The  red  oak  veneer 
was  clipped  to  an  18-tnch  width  All 
green  material  was  then  put  on  pallets 
and  wrapped  in  polyethylene  If  veneer 
was  to  be  stored  for  more  than  4  days 
prior  to  drying,  it  was  cooled  to  35"  F  or 
lower  to  prevent  surface  mold 


Veneer  Drying 

The  correlation  of  press-drying  rates 
of  various  veneeis  as  a  function  ot 
tem|*>rature.  thickness,  and  pressure 
has  been  reported  tor  red  oak  (J.JQ). 
and  Douglas-tir  i£3)  These  press¬ 
drying  studies  were  conducted  on  3-  by 
3-.  4  by  4  .  and  2-  by  8-foot  presses,  all 
fitted  with  ventilated  cauls  Because  ot 
the  amount  ot  material  to  be  dried  toi 
the  Press-Lam  bridge  project,  a  4-  by 
20-toot  press  was  used  A  used  60- 
mesh.  bronze  Fouidriniet  screen  was 
tested  and  found  suitable  for  drying  the 
Douglas-fit  veneer  The  screen  provided 
sufficient  venting  of  water  vapor  in  both 
sapwood  and  heartwood  such  that  no 
"blowups"  ot  veneer  were  observed  for 
the  drying  temperatures  used  For  this 
sample  ot  Douglas-fir.  the  drying  rates 
with  the  screen  and  with  conventional 
ventilated  cauls  were  observed  to  be  the 
same 

The  ideal  Press-Lam  processing 
concept  calls  for  use  of  residual  heat 
from  drying  to  cure  the  adhesive  This 
scheme  was  not  possible  because  the 
press  used  for  drying  was  in  a  building 
separate  from  the  laminating 
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equipment  instead  the  veneer  was 
dried  in  the  4  by  AT  press  ( 1 0  per 
charge!  cooled  anil  packaged  foi  later 
use  immediately  prior  to  laminating  th«* 
veneer  was  reheated  m  a  tunnel  yroiier! 
veneer  dryer  The  suitability  of  this 
technique  was  confirmed  by  earlier 
tests  comparing  tha  mechanical 
propet  ties  of  southern  pma  anil 
Douglas  fir  as  manufactured  by  tha 
conventional  Press-Lam  procass  and  by 
this  modification 

Tha  vanaar  was  prass  dnad  as  two 
saparata  groups  because  of  tha 
difference  in  graan  moist ura  contants 
Maartwood  i30-35  pctv  sapwood  i 1 40 
pet l  Tha  sapwood  was  prass  ituad 
twica  as  long  as  tha  haartwood  1 1 1  mm 
vs  5  5  min  at  360'  F  60  psO  Thasa 
prass  drying  timas  wara  chosan  to 
produca  vanaar  having  an  avaraga 
moistura  contain  of  about  16  par  cant 
Using  this  modified  drying-laminating 
procedure  ona  must  take  note  of  tha 
drying  or  moistura  loss  which  will  occur 
in  tha  vanaar  during  tha  raheatmg  stap 
Tha  venaers  wara  rahaated  in  a  rpHar 
dryar  at  290'  F  tor  4  mmtitas  Moistura 
loss  on  rahaatmg  was  about  3  6 
parcant  Tha  targat  moistura  content 
was  10  to  12  parcant  Spot  checks  o* 
production  averaged  1 1  4  percent 

Tha  press  drying  reheating  and 
laminating  resulted  m  a  thickness  loss 
in  tha  Douglas-tir  vanaar  of  about  6 
parcant  Thera  was  also  a  small  but 
significant  loss  of  2  percent  in  width  of 
tha  vanaar  during  the  processing 

Tha  rad  oak  vanaar  used  to  fabricate 
the  posts  and  tails  was  pi  ass  dried  and 
reheated  m  tha  same  manner  as  tha 


Douglas-tir  cireen  veneer  moistura 
content  was  about  86  percent  Tha 
prass  drying  y  1 4  min.  360  F  60  psd 
and  reheating  y4  mm  300'  FI  resulted 
m  a  laminated  product  of  1  f  to  12 
parcant  moisture  content  T  he 
thickness  toss  was  about  10  tier  cant 

Yield  Calculations  and  Comparisons 

Product  yields  tor  Press  Lam  were 
calculated  and  compared  with 
theoretical  yields  tor  lumbar  sawn  by  tha 
Bast  Opening  Face  (BOF  I  method  (18! 
liable  31  Bacausa  most  logs  are  slightly 
elliptical  in  cross  section  and  are  also 
tapered,  four  measurements  ware 
needed  to  characterize  bolt  dimensions 
Tha  maximum  and  minimum  diameters 
of  all  of  tha  161  Douglas  hr  bolts  cut 
wara  measured  at  both  tha  top  and 
bottom  ends  Ml  of  tha  recovered 
veneer  was  counted  and  identified  for 
each  bolt  The  dimensions  o*  the  green 
veneer  were  known  The  dry  volume 
was  calculated  i Appendix  At  from  the 
dressed  dimension  board  size  In  the 
laboratory  operation  no  attempt  was 
made  to  maximize  yield  during  cutting 
a  g  by  stitching  veneers  or  by 
including  wane  and  pitch  pockets 

Tha  most  direct  comparison  of  BOF 
and  Press  Lam  y  ields  yvas  obtained’  by 
assuming  that  the  same  size  product 
comd  '  ;»  made— i  a  1  by  4'  :  inch  dry 
dressed  dimension  of  sawn  material  ot 
varying  lengths  This  material  could 
than  be  used  to  tabucata  a  giuiam 
beam -the  same  size  as  tha  budge 
stringers  From  log  dimensions  as  input 
tha  BOF  compute'  program  assumes 
the  log  to  be  a  truncated  cone  \  oiumes 
were  calculated  by  the  BroaMn  formula 
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I  aver  age  top  and  bottom  ar  ea  times 
length!  The  sawn  boards  are  of  varying 
lengths  The  same  program  was  also 
used  to  calculate  a  stud  recovery  horn 
an  assumed  8  foot-long  g  inch 
diameter  veneer  core  The  estimated 
recoveries  Km  BOF  and  Press  Lam  were 
about  equal  both  green  and  dry  liable 
3!  The  oyer  all  increased  cubic  volume 
yield  tor  Press  Lam  tO  percent  green 
and  13  percent  dry  was  tn  the  assumed 
core  stud  recovery 

Most  likely  the  BOF  yields  ate  highei 
1 6  to  1 6  pet!  than  those  found  in  the 
majority  of  operating  sawmills  Fiat  pole 
i  li)!  has  made  estimates  ot  saw  y  ield 
versus  FVess  Lam  yield  for  an  economic 
analysis  but  F’less  Lam  yields  therein 
were  estimated  horn  commercial  yeneei 
operations  which  may  not  Ire 
immediately  applicable  to  Pi  ess  l  am 
manufacture 

Addressing  peeling  efficiency  only  a 
theoretical  green  yield  of  yeneei  from 
the  1 61  bolts  i based  upon  annulus 
volume  and  log  volume'  is  86  percent 
with  a  g  6-mch  core  T  he  actual 
recovery  based  upon  the  above  total  log 
volume  was  measured  to  be  *2 
percent  This  implies  that  the  efficiency 
of  the  peeling  this  instance  was  86 
percent 


Laminating 

Assembly  ot  Four-Ply  Dimension 
Material 

Before  laminating  the  veneer  was  cut 
square  to  48  inch  lengths  and  was 
cheated  Km  4  minutes  at  2go  1  m 
staggeied  sets  ot  K'ui  pieces  in  a 
yeneei  diyei  As  the  veneer  pieces 
came  tiom  the  dive1  the  Adhesive  was 
applied  i U '  and  they  were  assembled 
stepwise  ir'K'  1'r  by  20  mch  itimension 
boaids»,hg  i'  immeiliateiy  a*tei 
assembly  the  yeneei  s  and  the  tiiiei  can 
i fabricated  of  veneers  or  piywx'od 
laminated  as  a  step'  were  inserted  mto 
the  2  by  8  toot  press  and  pressure  was 
applied  T  he  tiller  caul  gaged  the 
spacing  of  the  butt  tomts  between 
xeneers  and  transmittevt  pressure  to  the 
overlap  area  of  the  iomts  T  he  pressure 
appiie«l  during  laminating  was  180  psi 
and  was  maintained  hM  about  4 
mmutes 
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As  soon  «s  piossmo  was  appiiod.  tho 
no\t  sot  ot  tout  vonoots  was  stA'tod 
fhtough  tho  Of vo'  Shortly  bokvo  thoso 
omorgod  Itom  tho  vltyoi  tho  ptoss  was 
OpOlWd.  tho  tlllOt  CAllI  was  tomovod. 
and  tho  lAminatod  soction  slid  k'twatd  4 
toot  m  piopatation  k'i  tho  addition  ot 
tho  no\t  sot  ot  tom  vonoots  This 
ptocoss.  which  took  « totsl  ot  6  mmutos 
was  lopootovt  thiv'ughovit  tho  fabrication 
ot  tho  dimonsion  hostels  Each  timo  .'1 
toot  ot  vlimonsion  mAtoiiAl  ovtondod 
boyond  tho  onttoovl  onvl  ot  tho  pioss  it 
was  cut  oft  At  a  butt  |Oint 

Tho  Adhosivo  usod  m  tho  laminating 
was  a  commoiciAlly  avaiiAbio.  room 
tompoiatmo  curing.  phonol  losoiv'inol 
ovtondod  8  poicont  by  woight  with 
mothsnol  Tho  ovtonvtoi  longthonovt  tho 
pot  lito  vtociOASOvt  tho  adhosivo 
viscosity.  And  longthonovt  tho  assombtv 
timo  Tho  adhosivo  was  Appliovl  with  An 
ovtnivloi  typo  sptOAvloi  Thovlosiiovt 
SpiOAvl  I  AtO  WAS  80  tO  88  pOUhvIS  poi 
thousand  SlJUAIO  toot  ylt'  1  iW  tt  '  Ot 
giuolino 

T  ho  vlosuovl  gluoimo  tompoiatmo  At 
ttio  timo  ot  piossmo  AppiiCAtion  was 
i ik'  to  AX'  t  t'o AldS  WOIO  piv'vtllCOvI 

oitvt  to  onvl  continuously  Sinco  it  was 
nocossaiy  to  hogm  a  now  vIay  with  a 
v'oivl  adhosivo  |Oint  piovluction  was 
stoppod  OACh  vtA\  At  tho  hogmnmg  ot 
tho  no\t  tVAivt  Tho  utitiAl  t'mtt  up  stop 
was  lohoAtOvt  OACh  morning  in  am  ovon 
hotoio  tho  no\t  vIav  s  lAminAtion  hogan 

Tho  fAt'iiCAtidn  sti  atogy  k't  vlimonsion 
t'v'AntS  y  t  \  .V  m  '  was  to  ignoro  Any 
i  Ai'vlomirAtion  mottH'vlology  In  othoi 
wv'iyts  tho  ho  Aids  woto  mAhutACtmovt 
m  An  Assomhly  Imo  mAnnoi  Thus  most 
ofton  vonoo'S  ftom  tho  somo  log  And 
holt  w-oto  m  sovjuonco  through  tho 
hOAtd  Ahd  thorOAftor  from  hoAtd  to 
hoAtd  4 iso  tho  v'ldor  ot  tho  hostels  was 
not  chAirgovt  m  tho  mAnutActmo  of 
hnvtgo  stnngors  Of  All  tho  vonoot 
piodyicod  S8  8  poicont  was  usovl  tv' 
tohiicoto  vlimonsion  hostels  Somo 
hv'Aivts  tstl  out  ot  orvlor  k't  ono  tosson 
or  snothor  hut  this  was  duo  tv' 
Avoidanco  ot  An  undosuAhlo  boaivl 
piopottv  ywaip  naitowno**  otc  ' 

Quality  Control  and  Italatad  Taala  on 
Dlmonalon  MahtcTat 

Dvinng  tho  mAnyifActyno  v'f  tho 
compononts  k'i  tho  Pioss  l  Am  httdgo 
tho  lAirmyAting  opoiAtiv'ir  was  closoly 
moniK'tovI  Adhosivo  sptoad  istos  And 


gluoimo  tompor  Atviros  w-oio  potiodiv'Ally 
chockod  And  Adtvistovl  k>  mAintAin 
ACcoptAWo  lovols  Aftor  Assomhly . 
SAmptos  woio  tomovovl  from  ooch  day  s 
prv'vluction  And  Avlhosivo  bond  guAiity 
was  chockod 

Tho  accoptabio  lovots  ot  potk'imanco 
WOIO  AS  follows 

I  vTIviolmo  tompoi  atmo  1  VK>''  to 
AX'  r 

«  Adhosivo  sptOAd  I  AtO  v't  hi'  tv'  88 
ih  ViXX'tV 

8  E  ighty  t'O!  cont  v'i  moio  wv'v'd 
IaiIviio  on  l  inch  diAmotor  Cv'tos 
tostovl  in  shoAi 

4  MAvimum  of  8  poicont 
dolAminAtiv'n  v'n  ond-gtain 
gluolmos  Aftoi  thtoo  cyvlo 
ACColorAtovt  Agurg  ovposmo 

Qluollno  Tamparatuta.  Tho 

tompoiatmo  was  moAsmod  hy  msoifmg 
a  thoimocouplo  botwoon  tho  thud  And 
fv'mth  piios  At  tho  timo  a  sol  was 
Assomhiod  Tho  tompoiatyuo  ot 
suhsoguont  gluolmos  could  t'O  Adiustovl 
hy  chAngmg  tho  tompoiAtmo  in  tho  novt 
lOhoAtmg  opoiAtion  Onco  tho 
tomt'oi  Atm  o  lOAvlmgs  stat'ilifod  in  tho 
dosuovl  tango  tho  tompoi  Atmos  yyoto 
chockovi  only  ponodiCAlly 

Adhosivo  Sprood  Rates.  T  ho  spiosd 
l  AtO  V'I  tho  Adhosivo  WAS  chockovi  And 
AdlUStOvt  Aftoi  OACh  now  t'AtCh  01 
Adhosivo  WAS  AvIdOvt  tv'  tt'O  SpiOAdOl 
And  AgAin  Ahv'ut  '  horn  lAtoi  In 

Avtvtitiv'll  A  lAHvIv'lh  ChOv'k  V'I  sprOAvl  fAtO 

was  iuavIo  At  loASt  v'nco  And  somotunos 
tWICO  A  dAy  II  \  Aluos  WOI  O  OutSldO  tt'O 
(Aigotovl  lAngO  tho  SP'OAd  IAtO  WAS 
adiu*tod  Avvoivlmgiy 

T  ho  AVOI  Ago  sptOAd  I  AtO  yVAS  88  0 
It'  I  AX' ft  With  A  StAhvlAlvl  vIOMAtiv'h  v't 

.'1  ih  t  OvX'  tt  Tho  tAirgo  was  M  8  k' 
*8  *  it*  1000  ft  '  This  Av'tuAi  i Ango 
oxcoovlovl  tho  tAigotOvt  i  Ango  hut  tho 
guAiity  control  tosts  discusso«1  lAtor 

•  £'  vl'vl  not  idoi'tifv  Any  mtywiv'e 
Avlhosivo  tvnds  Rocauso  v't  thoso 
Pv'sitwo  tost  losults  tho  vlimonsion 
hv'Aivts  WOIO  ACCOPtOvt  AS  QUAlltV 
ihAtOriAl 

Shoot  Toots.  Rond  guAiity  was 
chockod  using  gluotmo  shoAi  tosts  on  t 
inch  diAmotor  Cv'ios  T  ho  tost  w  as 
PAttomod  Aftot  ptv'covlmos  dovoiopod 
hy  Solho  y^J'  tho  Cv'ios  tostovl  in  this 
caso  woio  About  I  inch  in  diAmotoi  '  8 
inchos  long  Anvl  contamod  ttvoo 


gluolmos  Thtoo  coros  woto  tokon  from 
OACh  day  s  production  sAmpIo  Tho 
entonon  k't  AccoptAnco  was  tho 
poicontaga  v't  wood  tAiimo  obtoinovl  Of 
tho  ,'6  tAirdom  dAily  SAmplos  tostod  tho 
wood  tAiimo  AvotAgod  poicont  v'nlv 
ono  SAmpIo  yat  *8  pet'  was  t'olow  tho 
(Aigotovl  80  poicont  AvoiAgo  wood 
tAiimo  v  Aluo  Ml  suhsoguont  SAmplos 
mdlCAfOvI  AC coptAhlo  lovots  of  wood 
tAiimo  so  no  Adpistmonts  woio  mAdo  m 
tho  gluing  piooodmo  l  oAd  At  tAiimo 
was  ohsonod  to  t'O  gmto  V  AUAblO  hut 
not  a  conttvrlling  tACtoi  It  AvoiAgovt  8  A' 
psi  yv'oofttciont  ot  \  AiiAtion  yOO\  '  -  .'8 
pet'  in  a  i  Ango  ot  8*0  tv'  '  .'40  psi 
Datamtnatton  Tosts  -  Tho  thtoo  cvcto 
vACuum  piossmo  Sv'Ak  And  diy 
ovposmo  tost  y*'  was  Also  yisod  to 
chov'k  hv'nvl  gyiAlify  Mi  108  tost 
spocunons  passod  tho  tost  with  loss 
thAn  8  poicont  vtolAmmAtion 

Manufacture  of  Brfdga 
Componant* 

Brtdgo  Stringars 

T  ho  t'ndgo  sltmgois  woto  toado  At 
I  PI  hy  lAminAtmg  thioo  piov'os  v't  tho 
dimonsion  mAtoiiAl  k'gofhot  tv'  Achiovo 
a  4'v  hy  .\T  inch  civ'ss  soction  yhg 
Rokoo  lAminAtmg.  ah  ot  tho  vlimonsion 
matouAl  was  sviitAcod  on  two  sidos  with 
Al'  At'l  ASIVO  plAt'OI .  to  A  thlv'kl'OSS  v't 

about  1  8  inchos  T  ho  thioo  piov'os  ot 
dimonsion  mAtoiiAl  k'  t'O  yisod  in  Any 
ono  sltmgot  woio  thon  laid  yip  dtv  And 
thO  bv'AIVlS  woio  ah  Angovl  k'  oiimmAto 
cv'incidonv'o  ot  hyitt  iv'ints  in  AdiAcont 
I'l'AIvtS 

T  ho  stnngois  woio  lAmmAtoel  two  At  a 
timo  in  a  4  hy  ,'y'  k'v't  hyvtiAuliC  ptoss 
1  ho  Adhosivo  And  tho  AppiiCAtion 
ovtmpmont  woio  tho  SAmo  as  woio  usovl 
m  tAhncAting  tho  dimonsion  hv'Aivts 
1  ho  tv'tAi  Assomhly  tmro  yv  as  .'y'  to  88 
mmyitos  And  piossmo  was  mAmtAinod 
At  .XX'  y'si  k'i  '8  to  .'0  horns  At  ot  Alvvo 
*0"  f 

Dock  Parvats 

I'Ov'k  yVAnolS  WOIO  tol'l K'AtOvI  k'l  twv' 
tostmg  souos  ond  tv'i  mstAilAtiv'n  in  tho 
tvidgo  itsoit  Ml  tho  ivai'oIs  woto  modo 
with  tho  1'-:  hy  .V  inch  hy  kvt 
Pioss  l  Am  dimonsion  motonAl  uppod  to 
slightly  lAtgof  than  tho  final  thicknoss  v'f 
tho  dock  panol  Panois  k't  T  ost  Souos  1 
ytat'io  4'  woto  manyitActiiOvI  At  t  PI 
Panois  k'i  Tost  Souos  ytahto  4'  woto 
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manufactured  in  a  commercial  gluiam 
manufacturing  facility  The  bridge  deck 
panels  (2?  ft  4  m  long  \  4  ft  oi 8  ft in 
wide  x  „V  .‘  m  deepT  were  manufactured 
m  a  second  commercial  gluiam  plant 
Dig  Senes  panels  and  the  bridge 
deck  panels  were  made  from  finger 
lomted  laminations,  as  is  commonly 
done  m  gluiam  Pudge  decks  Voluntary 
Product  Standard  PS  J*b- '8  covering 
structural  gluiam  lumber  y^T  was 
followed  tor  test  Senes  »  and  the  final 
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deck  assemblies,  and  a  phenol 
resorcinol  adhesive  was  used  toi  both 
the  fingei  |Oints  and  the  face  glue  |omts 

Guard  Ralls.  Curbs,  and  Posts 

The  ted  oak  guard  rails  cuibs  and 
posts  tor  the  Press  l  am  budge  were 
manufactured  at  FPl  T  he  procedure 
was  generally  the  sa  lie  as  that  used  tor 
the  Douglas  tn  stringer  manufacture 
Individual  components  were  sawn  bom 
pieces  of  laminated  red  oak  dimension 
stock 

Preservative  Treatment  ot  Components 

Aftei  final  dimensional  and  structural 
checks  were  made  at  f  PI  all  budge 
components  were  transported  to  a 
commercial  treating  facility  tot  creosote 
preseryatrve  treatment  Previous  work  m 
treating  Coast  Douglas  hr  Press  lam  at 
FPi  indicated  that  a  modified 
Rueping  process  produced  a  total 
creosote  loading  oM  1  b  pounds  tier 
cubic  toot  vpctT  This  work  coupled  with 
experience  in  treabng  red  oak  Pi  ess 
lam  railroad  *'•■;-  with  creosote  and 
AWPA  Standards  y£V  provrdevl  the 
guidelines  for  treating  the  budge 
components 

Because  of  the  relatively  small  sire  of 
the  total  charge  both  species  were 
treated  in  one  cylinder  yfrg  8T  For  this 
beating  schedule  the  initial  air  pressure 
of  ft  ft  psi  was  held  tot  .*  hours  and 
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maintained  while  the  tank  was  tilled  with 
vTtade  l  creosote  The  pressure  was 
then  laisecl  at  a  late  ot  t  psi  pei  nimute 
until  it  teached  I  .'ft  psi  The  pressure 
was  held  constant  and  tempeiature 
maintained  at  .'00  ^  tor  .1  hours  A  final 
vacuum  of  Ob  inches  was  held  tor  l 
hour  According  to  treating  plant  track 
scales  the  chaige  ot  4  94b  tvaid  feet 
or  4t.'  cubic  teet  picked  up  a  total  of 
4  O.'O  pounds  of  cieosote  which  is 
eguivaient  to  9  9  pet  1  able  ft  lists  the 
creosote  uptake  toi  the  moie  easily 
weighevl  smaller  pieces  ot  Douglas  tn 
and  ied  oak  Pi  ess  l  am  T  he  smaiiei 
pieces  ot  Douglas  tu  had  uptakes 
langnig  tiom  ‘  4  to  tb  pet  whereas  the 
uptake  ot  the  ted  oak  ranged  tiom  ‘  4  to 
id  8  pet  T  his  range  in  preservative 
uptake  was  laigei  than  pieyiousiy 
encounteied  ^09^ 

Inspection  v>t  the  various  components 
immediately  attei  treatment  indicated 
that  the  deck  panels  wete  veiy  wet  with 
excessive  creosote  solution  wheieas 
the  stungeis  and  smaiiei  Douglas  tn 
and  ied  oak  pieces  looked  guite  div  and 
clean  As  a  lesuit  ot  this  observ abon 
the  deck  panels  weie  introduced  into 
another  treating  cylinder  on  the 
following  day  and  wete  subiected  to  a 
steaming  treatment  at  .'.V  I  for  .' 
hours  followed  by  t  hour  at  a  vacuum  of 
.'b  inches  it  was  latei  noted  that  the 
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steaming  treatment  caused  each  deck 
panel  to  expand  t  to  2  inches  in  width, 
or  about  3  percent 
Inspection  ot  the  treated  material  did 
not  reveal  any  serious  problems  A  very 
slight  amount  of  collapse  was  observed 
In  two  ot  the  deck  panels  and  some 
raised  grain  was  evident  Some  ot  the 
lathe  checks  in  the  deck  panels  were 
noted  to  line  up  in  such  a  fashion  as  to 
promote  a  tew  through  checks, 
however,  none  of  these  exceeded  6 


inches  in  length  The  preservative 
treatment  in  general  was  considered 
acceptable 

Bridg*  Dastan  and 
Component  Totting 

Preliminary  Bridge  Design 

Previous  work  at  FPL  t£2)  suggested 
that  large  Presa-Lam  timbers  made  from 
low-quality  Douglas-tir  logs  could  be 
assigned  an  allowable  bending  stress  ot 
approximately  1 .500  pal  The  Douglas- 


tii  logs  used  in  this  study  were  ot 
significantly  higher  quality,  and  2.000 
psi  was  chosen  as  a  best  estimate  ot 
their  allowable  bending  stress 
The  AASHTO  Specifications  foi 
Highway  Budges  weie  used  tor  all 
phases  ot  the  design  Qt  The  AASHTO 
calculations  lot  bending  and  sheai 
stresses  in  the  stringers  are 
straightforward,  and  the  load 
distribution  factors  were  deemed 
appropriate  However,  the  design 
equations  tor  the  deck  did  not  appear  to 
be  direetty  applicable  to  this  design 
Reasons  tor  discrepancies  between  the 
generalized  equations  and  the  design 
requirements  of  this  bridge 
configuration  will  be  discussed  later 
Based  on  the  design  equations  ot  the 
AASHTO  Specifications  for  an  HS-20 
load  rating,  the  preliminary  design 
stringer  spacing  for  4V  by  20-Inch 
stringers  was  calculated  to  be  24 
Inchee.  The  preliminary  design  deck 
thickness,  baaed  on  AASHTO  bending 
moment  requirements  and  previous 
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Forest  Service  experience  with  short- 
span  bridge  design,  was  chosen  to  be 
3^»  inches  Steel  dowels  '•»  inch  in 
diameter  and  spaced  1 0  inches  apart 
were  selected  to  connect  adjacent  decH 
sections 

The  design  details  of  the  secondary 
structural  material  (i  e  .  curbs,  rails,  and 
posts)  were  supplied  by  the  Virginia 
Department  of  Highways  and 
T  ransportation 

Bridge  Component  Teat  Program 

Allowable  stresses  to  be  used  m  the 
final  bridge  design  were  determined  by 
a  test  program  As  this  was  to  be  a 
prototype  structure,  there  was  no  prior 
service  record  on  which  to  base  any 
engineering  judgments  needed  in  the 
design  The  goal  of  the  test  program 
was  to  define  the  material  properties 
accurately  enough  to  ensure  that  the 
bridge  would  be  structurally  safe,  and 
that  a  minimum  amount  of  material  was 
used  in  the  final  design 

Stringer  Teats.— Longitudinal 
stringers  must  resist  loads  primarily  in 
bending  Thus,  the  design  stresses  for 
the  stringers  were  established  by  a 
series  of  destructive  bending  tests 

Eighteen  randomly  selected  stringers 
were  two-point  loaded  in  edgewise 
bending  to  failure  in  accordance  with 
ASTM  D  198  Q)  (.tig  4)  Load  points 
were  placed  4  feet  apart  and  were 
symmetric  about  midspan  Load  and 
midspan  deflection  were  continuously 
monitored  during  the  tests  Typical 
failure  involved  a  butt  joint  in  one  of  the 
outer  plies 

The  average  modulus  of  rupture  tor 
these  1 8  tests  was  5,450  psi  with  a  COV 
of  9  percent  (fig  5)  The  average 
modulus  of  elasticity  for  all  36  stringers 
was  1  71  million  psi  with  a  COV  of  7 
percent  (fig  6)  Based  on  these  tests 
and  additional  tests  on  treated  material, 
an  allowable  bending  stress  ot  2.000  psi 
was  derived  (Appendix  B) 

In  addition  to  the  aforementioned 
destructive  tests,  the  remaining  18 
stringers  were  proofload ed  in  bending 
to  ensure  their  structural  adequacy  The 
proofloading  of  wood  members  in 
bending  is  not  recommended  tor  all 
applications  Frees  (§)  determined  that 
some  failures  of  wood  ladders  in  the 
1 940  s  were  due  to  minute  compression 
failures  probably  induced  during  a 
proofload.  Lewis  et  at.  (IS)  studied  the 


Figure  4  —  Sending  tests  conducted  on  P tess-L  am  bnage  stringers 


Figure  5  —Histogram  ot  modulus  ot  rupture  data  and  assumed  normal  distribution  tor  budge 
stringers 


MODULUS  OF  ELASTICITY  (MILLION  PSD 
Figure  6  —Histogram  ot  modulus  ot  elasticity  data  and  assumed  normal  distribution  tor  36 
bridge  stringers  hiw' 
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effe cts  of  induced  compression  failures 
on  the  strength  of  ho*  beams  They 
concluded  that  preexisting 
compression  failures  in  these  members 
can  cause  a  marked  reduction  in  both 
tensile  strength  and  toughness  F  or 
these  reasons,  indiscriminate  use  of 
proofloading  on  members  of  unknown 
strength  or  end  use  orientation  has 
never  been  and  is  not  now 
recommended 

The  Press-Lam  bridge  stringers  were 
proofloaded  under  laboratory 
conditions  to  a  predetermined  stress 
level  of  3,800  psi  This  proofloading 
providing  a  final  quality  control  check 
on  the  manufacturing  process  The 
members  were  installed  on  the  br  idge  in 
the  same  orientation  In  which  they  were 
proofloaded  Data  collected  during 
proofloading  was  used  as  an  Indication 
of  which  stringers  would  be  most 
suitable  for  installation  in  the  bridge  A 
summary  of  reliability  based 
calculations  was  made  regarding  the 
proofload  level  and  selection  criteria  of 
the  1  2  stringers  to  be  treated  and 
shipped  to  the  Bridge  site  (Appendix  Cl 
Actually,  only  1 1 ,  which  were  randomly 
selected  from  these  1  ?.  were  required 
tor  bridge  construction 

Deck  Tests. -The  design  equations 
for  laminated  timber  bridge  decks  In  the 
AASHTO  Specifications  (11  are  based 
on  theoretical  analyses  of  a  partially 
loaded  infinite  strip  of  a  thin,  orthotropic 
plate  These  equations,  and  tire  test 
results  used  to  verify  them,  were 
originally  presented  by  McCutcheon 
and  Tuomi(181  However,  the  equations 
ate  trot  applicable  to  designs  which 
violate  the  assumptions  of  thin  plate 
analysis  Tor  this  design  the  stringer 
spacing  was  so  narrow  that  a  double 
truck  tire  print  would  essentially  span 
the  full  gap  between  stringers  while 
inducing  little  bending  stress  In  the 
deck 

Although  many  closed-form 
mathematical  solutions  exist  for 
orthotropic  plates  (281  none  were 
considered  to  accurately  model  this 
particular  bridge  deck  For  this  reason, 
two  series  of  tests  were  conducted  to 
establish  the  load -carrying  capacity  and 
deflection  characteristics  of  the  deck 
under  a  simulated  wheel  load  (table  4) 

In  each  test  series  the  load  was 
applied  in  5.000-pound  increments  A 
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Figure  9.— Failure  of  Series  1  test  deck  in  rolling  shear  (right),  followed  by  horizontal  shear 
(center).  tuwwm 


Figure  10.  —Series  2  test  setup  tor  3't-inch-thick  Press-Lam  bridge  deck  attached  to  stringers  2 
teet  apart  on  an  8-foot  span 


hand-operated  pump  was  used  to 
increase  the  load  gradually  over  a  1- 
minute  interval  The  load  was  then  held 
constant  for  approximately  30  seconds 
to  allow  for  electronic  scanning  and 
recording  of  all  data  channels  prior  to 
the  next  load  increment.  This  procedure 
was  repeated  until  the  deck  panels 
failed 

In  Test  Series  f ,  two  6  Vi-inch-thick 
deck  panels  were  joined  together  and 
center-loaded  on  a  6-foot  span  (figs.  7 
and  8)  This  span /depth  ratio  was 
chosen  to  examine  the  plate  bending 
properties  of  Press-Lam.  The  first  tour 
tests  in  Series  t  were  conducted  to 
evaluate  the  elastic  response  of  the 
Press-Lam.  The  final  test  in  the  series 
was  conducted  to  failure.  When  loaded 
to  failure,  this  panel  withstood  primary 
bending  stresses  of  about  5,300  psi 
before  failing  in  rolling  and  horizontal 
shear  (fig.  9) 

Because  the  actual  bridge 
configuration  was  not  modeled  in  Test 
Series  1 .  Series  2  was  conducted  to 
examine  the  deck  /stringer  system  as  it 
would  exist  in  the  bridge  itself.  Two 
pairs  of  3  Vinch-thick  deck  panels  were 
manufactured  for  Series  2.  For  each 
test,  a  pair  of  these  deck  panels  were 
dowel-connected  and  spiked  to  five 
stringers.  The  stringers  were  spaced  2 
teet  apart  and  spanned  8  feet  (figs.  10 
and  1 1 ).  A  14-inch  stringer  depth  was 
chosen  with  the  8-foot  span  in  order  to 
approximate  the  flexibility  of  the 
stringers  in  the  actual  bridge 
installation. 

Ten  tests  were  conducted  to  examine 
such  factors  as  dowel-joint  rigidity,  load 
distribution,  and  deflection 
characteristics,  and  the  effect  of  load- 
block  size  on  failure  mode  (table  4) 

As  expected,  the  modes  of  failure  for 
this  series  were  markedly  different  from 
the  rolling  and  horizontal  shear  failure 
exhibited  on  the  6-foot  span.  Deck 
failures  were  of  a  "punching  "  type  (fig. 12) 
when  a  small  load  block  was  used,  while 
stringers  failed  in  bending  (tig.  13)  when 
a  standard  double-tire  print  load  was 
applied. 

Maximum  failure  loads  ranged  from 
3  7  to  6  6  times  the  HS-20  design  wheel 
load  The  deck  materials  were  at  about 
12  percent  moisture  content  at  test,  and 
because  the  deck  system  was  designed 
for  use  at  a  moisture  content  greater 
than  16  percent,  a  wet-use  factor  of  80 


percent  was  applied  (1_g)  This  reduced 
the  expected  range  of  maximum  failure 
loads  to  about  3  0  to  5  3  times  design 
load  Even  with  this  reduction,  the  deck 
thickness  of  3ft  Inches  was  considered 
adequate 

(Deflection  of  this  system  under  load 
was  largely  as  anticipated.  The  dowels 


provided  excellent  load  transfer  with 
minimal  differential  displacement 
between  panels  (tig  14) 

Other  Tests.— In  addition  to  the 
testing  of  primary  structural 
components,  two  other  factors 
important  to  bridge  performance  were 
examined— spike  withdrawal  resistance 
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Figure  11—  Deck  panel  configurations  for  Series  2  tests  Only  stringers  3  and  4  were  damaged 
in  tests  2G  and  2H  These  stringers  were  replaced  and  two  additional  tests  were  performed 
(21.  2J)  with  panels  in  the  same  configuration  <m  us  u>2) 
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Figure  12  — Failure  of  Series  2  Press-Lam  test  deck  in  " punching  "  shear 
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and  the  effects  of  preservative  treatment 
on  bending  properties. 

Spike  withdrawl  properties  of  Press- 
Lam  were  assessed  in  a  limited  study.  In 
10  tests,  the  withdrawal  resistance  of 
Press-Lam  averaged  70  percent  of  the 
resistance  of  glulam.  Withdrawal  loads 
of  spikes  driven  directly  into  butt  joints 


were  not  significantly  lower  than  the 
others.  Based  on  these  tests,  no 
problem  was  anticipated  in  maintaining 
a  tight  deck /stringer  interface. 

Forty  specimens  of  Douglas-fir  Press- 
Lam  (1  %  x  4Vi  in.  x  8  ft)  were  tested  to 
evaluate  the  effects  of  creosote 
treatment  on  bending  strength  and 


stiffness.  Results  of  these  tests  indicate 
a  significant  reduction  in  both  stiffness 
(4  to  12  pet  reduction,  80  pet 
confidence)  and  strength  (7  to  19  pet, 

60  pet  confidence)  due  to  treatment. 
These  reductions  are  more  likely  due  to 
the  conditions  of  treatment  rather  than 
the  chemicals  used  (31).  The  magnitude 
ot  the  stiffness  reduction  is  comparable 
to  the  0  to  10  percent  range  predicted 
by  Luxford  and  MacLean  (17)  However, 
the  reduction  in  bending  strength  is 
slightly  less  than  the  15  to  25  percent 
range  cited  by  the  same  authors. 

Because  larger  members  would  not 
reach  high  internal  temperatures  as 
quickly  as  these  smaller  members,  the. 
magnitude  of  the  strength  reduction  tor 
the  large  members  was  believed  to  be 
less  Thus,  using  this  limited  data,  the 
allowable  bending  strength  determined 
from  the  stringer  tests  was  reduced  by 
1 0  percent  (Appendix  B)  for  in-use 
application. 

Final  Bridge  Design 

Based  on  the  results  of  the  structural 
component  testing,  coupled  with  the 
design  methods  outlined  in  the 
AASHTO  Specifications  (1),  a  final 
bridge  design  was  proposed  by  FPL. 
Using  the  design  allowable  bending 
stress  of  2,000  psi  from  Appendix  B,  and 
the  applicable  AASHTO  load 
distribution  factor,  the  stringer  spacing 
was  widened  from  the  24-inch 
preliminary  design  spacing  to  a  30-inch 
final  design  stringer  spacing.  To  offset 
the  resulting  increase  in  deck  stresses, 
the  final  thickness  of  the  deck  was 
increased  from  the  preliminary  design 
thickness  of  3 Vi  to  3 Vi  inches. 
Preliminary  design  estimates  of  spike 
and  dowel  size  and  spacing  appeared  to 
be  satisfactory.  The  final  design  (fig.  15) 
was  submitted  to  and  approved  by 
bridge  designers  at  VDH&T. 

Installation  and  Evaluation 

Installation 

The  VDHAT  installed  the  Press-Lam 
bridge  structure  as  part  of  a  bridge 
replacement  and  widening  project  on 
State  Secondary  Route  610,  in  the 
George  Washington  National  Forest, 

100  miles  west  of  Washington,  D.C.. 
near  Orkney  Springs  in  Shenandoah 
County,  Va. 

A  five-man  bridge  crew  from  the 
VOH&T  replaced  the  existing 
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them  measuring  48  inches  wide  and  two 
of  them  measuring  38  inches  wide 

The  Press-Lam  bridge  was  assembled 
quickly  with  only  minor  delays  and 
inconveniences 

1  The  deck  panels  Increased  in  width 
after  steaming  following  treatment  This 
difficulty  required  one  bridge  abutment 
to  be  modified  slightly 

2  The  last  panel  was  difficult  to  lack 
Into  place  because  the  lack  could  not 
be  positioned  between  the  backwall  and 
the  panel  A  crane  was  used  to  support 
the  jacks  as  the  last  panel  was 
positioned 

3  Creosote  leaking  from  the  Press- 
Lam  members  caused  undesirable 
working  conditions 

Although  4  days  were  required  to 
install  the  Press-Lam  structure,  the  road 
was  closed  to  traffic  for  only  1  work  day 
With  experience,  the  bridge  crew  could 
probably  construct  a  Press-Lam  bridge 
somewhat  taster  than  reported  here 


Figure  13  -Failure  of  Press-Lam  stringer  in  bending  in  Series  2  test  (m  u»  so?  <> 
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DISTANCE  FROM  DOWEL  JOINT  (FEET) 

Figure  14  —Deflection  profiles  across  dowel  joint  at  three  load  levels  cm  >««  mi 


substandard  one-lane  steel  stringer- 
timber  deck  bridge  with  the 
experimental  two-lane  Press-Lam 
bridge  superstructure  in  about  4  work 
days  beginning  April  18, 1977  (figs  16 
and  1 7)  The  labor  and  equipment  used 
for  the  installation,  has  .been  complied 
by  Sprinkel  (2$)  (table  6)  The 
construction  rate  of  2  7  ft'  per  hour  for 


the  5-man  crew  and  5  0  ft-  per 
equipment-hour  compares  favorably 
with  other  bridges  of  similar  size  (££) 
The  two-lane  bridge  spans  18  feet  6 
inches  and  Is  26  feel  wide  from  curb  to 
curb  Eleven  stringers,  20  inches  deep 
by  4W  Inches  wide  by  18  feet  4  Inches 
long  were  used  A  total  of  five  3  Vlnch- 
thick  deck  panels  were  used,  three  of 


In-Place  Evaluation  ot  Completed 
Structure 

On  May  4,  1977.  a  truck  loaded  to  the 
HS-20  design  load  level  was  used  to 
load  test  the  Press-Lam  bridge  (tig  18) 
Scale  measurements  indicated  that 
each  pair  of  wheels  on  the  tandem  rear 
axle  produced  a  load  of  about  10.200 
pounds  A  taut  wire  and  scale  were 
used  on  each  stringer  to  measure 
midspan  deflections  for  different 
loading  positions  Stringer  deflections 
were  slightly  less  than  anticipated, 
indicating  that  the  AASHTO  wheel  load 
distribution  factor  is  somewhat 
conservative.  A  dial  gage  was  used  to 
measure  the  deflections  of  the  center 
deck  panel  midway  between  selected 
stringers  tor  selected  loading  positions 
Relative  panel  deflections  were  small  tor 
each  ot  the  positions  measured. 
Indicating  that  the  steel  dowels 
provided  satisfactory  load  transfer 
between  panels  A  detailed  report 
summarizing  the  entire  proofloading 
test  series  has  been  prepared  by 
Sprinkel  (2§) 

Estimates  of  the  type  and  number  of 
vehicles  using  the  bridge  are  being 
made  with  traffic  counting  equipment  at 
selected  times  and  from  observations  ot 
the  number  and  type  of  vehicles  using 
the  bridge  during  each  site  inspection 
Data  were  collected  for  several  hours 
during  the  first  day  the  bridge  was  load 


o’ 


FTT1 . T  I”  in 

io  s*  4?  jo‘ 


J 


Figure  15  —  Construction  schematic  ot  Press  Lam  bridge  over  Stony  Creek.  V*  i« 
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tested  and  inspected,  and  for  a  24-hour 
period  on  June  1-2, 1977  (table  7) 

To  get  an  indication  of  the  number  of 
large  loads  and  overloads,  mechanical 
strain  recording  gages  were  installed  at 
midspan  on  the  bottom  side  of  tour 
bridge  stringers. 

Long-Term  Bridge  Performance 
Evaluation 

The  performance  of  the  Press-Lam 
bridge  superstructure  will  be  monitored 
over  a  5-year  period  by  the  Virginia 
Highway  and  Transportation  Research 
Council  This  study  will: 

1  Evaluate  the  behavior  of  the  bridge 
subjected  to  a  test  load  similar  to  HS-20 

2  Monitor  dimensional  changes  and 
relative  movements  of  the  stringers  and 
deck  panels  Attention  will  be  focused 
on  gluelines,  butt  joints,  and  relative 
deck  and  stringer  displacements 

3  Monitor  the  moisture  content  of  the 
stringers  and  deck  panels  Attention  will 
be  focused  on  the  condition  of  the 
wearing  surface,  drainage,  and 
superstructure  areas  where  water  might 
collect 

4  Estimate  the  type  and  number  of 
vehicles  using  the  structure  over  a  5- 
year  period 

Data  on  all  four  Items  were  collected 
during  the  proofloading  tests 
conducted  on  May  4.  1977  and  in  May 
1978,  and  will  be  taken  at  the  end  of  5 
years  Data  on  items  2.  3.  and  4  were 
also  collected  3.  6.  and  24  months  alter 
installation 


Summary 

Pro|ect  Description 

The  concept  of  parallel  laminating 
veneer  into  thick  sheets  of  any  width  or 
length  has  been  examined  as  an 
alternative  to  solid-sawn  timber  or 
glulam  tor  structural-si/e  members  The 
Press-Lam  process,  developed  at  the 
Forest  Products  Laboratory  (FPL),  uses 
a  veneer  lathe  to  cut  the  wood,  a  hot 
press  to  dry  it.  and  glue  and  another 
press  to  reassemble  the  hot.  dry  veneer 
sheets  into  finished  structural  members 
Press-Lam  advantages  include 
increased  yields  ot  lumber  from  logs, 
more  uniform  engineerng  properties  of 
finished  products,  and  improved 
penetration  and  retention  ot  oil-based 
preservatives  A  highway  bridge, 
manufactured  entirely  from  parallel 
laminated  veneer,  was  constructed  to 
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inches  long,  the  three  interior  panels 
are  4  feet  wide  and  the  two  approach 
panels  are  38  inches  wide.  The  stringers 
and  deck  panels  are  made  from 
Douglas-flr.  The  guardrails,  posts,  and 
curbs  are  made  from  red  oak  logs. 

All  bridge  components  are  treated 
with  creosote  to  an  average  retention  of 
9.8  pet. 

The  bridge  stringers  were  designed 
according  to  AASHTO  specifications. 
The  bridge  deck  design  was  based  on 
previous  research  and  component 
testing  at  FPL. 

The  bridge  over  Stony  Creek,  located 
on  Virginia  State  Secondary  Route  610. 
in  the  George  Washington  National 
Forest,  100  miles  west  of  Washington, 

D  C.,  was  installed  without  difficulty 
Traffic  was  interrupted  for  a  total  of  7 
hours. 

A  1-inch-thick  bituminous  wearing 
surface  was  applied  to  the  surface  of 
the  Press-Lam  bridge  approximately  6 
months  after  the  bridge  was  erected. 
This  bituminous  surface  is  permeable 
and  therefore  serves  as  a  wearing 
surface  but  not  as  a  moisture  barrier 

Bridge  Test  Program 

At  FPL,  18  stringers  were  tested  and 
six  deck  configurations  were  tested  to 
failure.  The  18  stringers  resisted  loads 
from  2.3  to  3.1  times  the  value  selected 
for  design.  The  deck  panels,  tested  with 
a  simulated  wheel  loading,  all  resisted  at 
least  3.7  times  the  HS-20  design  load 

Approximately  2  weeks  after 
construction,  the  bridge  was  load- 
tested  with  a  truck  having  a  tandem  rear 
axle  weight  of  41 .000  pounds  This 
truck  produced  stresses  equivalent  to 
the  standard  AASHTO  HS-20  loading. 
Observed  deflections  under  the 
proofload  were  within  acceptable  limits 

The  Virginia  Highway  and 
Transportation  Research  Council  will  be 
overseeing  a  5-year  bridge  performance 
evaluation  program 


Figure  f  7  — Completed  Presa-Lam  bridge  instillation  (courtesy  ol  the  Virginia  Department  ol 
Highways  Research  Council).  <m  u«  21  n 


examine  the  performance  of  a  full-size 
Prese-Lam  structure. 


The  two-lane  bridge  ipans  18  feet  6 
inches  and  is  26  feet  wide  from  curb  to 


curb.  The  primary  support  members  are 
eleven  longitudinal  stringers,  20  inches 
deep  by  4  Vi  inches  wide  by  1 8  feet  4 
inches  long.  The  transverse  deck 
panels  are  3  Vi  inches  thick  and  27  feet  4 
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Figure  18  —Loaded  rear  tandem  axle  trailer  used  tor  load  testing  Press-Lam  bridge  (courtesy 
ot  the  Virginia  Department  ot  Highways  Research  Council).  (M  U6?i6> 
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APPENDIX  A 

Calculation  of  Voluma  Ylald 

Potential  voluma  yields  ware  calculated  for  material  tor  budge  stringers  derived 
from  these  23  logs  by  the  Press-Lam  process,  and  compared  with  calculated  yields 
it  the  same  logs  were  sawn  by  the  Best  Opening  Face  tBOFI  method  Total  log 
volume  was  assumed  to  be  best  ehatactenxed  in  terms  ol  the  average  log  atea  ytop 
and  bottom}  and  log  length 

Number  ot  logs  23 

Number  ot  bolts  (tor  peeling}  1 5 1 

Total  log  length 

BOF  644  ft 

Press-Lam  654  ft 

„  .  /  .  1  Smalian  log  volume  \ 

Average  log  diameter  24  4  in  (From  Av  log  area  -  I 

V  i  log  length  / 
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(av  dia  Y 

^  j  •  total  log  length 
-(•'*/) .  ’  " 


BOF 


Press-Lam 


,  (644  ft)  • 

2  r  144  in 


-CTl 


2.091  tt' 
1  ft- 


(654  ft)-  «  2.124  ft' 

144  in  - 


Green 


Prees-Lam 

Veneer 

Size  21  5  x  0  420  x  52  in  (0  272  tt1) 

Number  5.617 

Volume  0  272  ft'*  5.617  =  1.526  ft' 

Core 

Size  9  5  x  52  in 
Number  151 

For  BOF  calculations,  assume  core  diameter  -  9  0  in  and 

bolt  length  «  8  ft 

Core  yield  2  2x3  s  1  689  x  2  72  (green  dimensions) 

5  2x4's  1  689  x  3  75  (green  dimensions) 

Yield  per  8-ft  core  2  27  ft' 

Total  core  yield  2  27  ft1  x  75  8-ft  cores  *>  170ft‘ 

Total  volume  =  1.526  >  170  «  1.696  ft1 

Press-Lam  Venear  Recovery  Factor 

An  estimate  of  the  peeling  efficiency  can  be  made  by  comparing  the  volume  of 
veneer  recovered  with  the  volume  of  the  annulus  between  the  outer  diameter  and 
the  core  diameter 

Annulus  total  volume  »  total  log  lenth  (log  area  -  core  area) 


/ 

24  4\ 

1 

Log  area  =  "  I 

.  2  J 

|  —  3  25  (t- 

(?) 

•  1 

Core  area  -  * 

-  0  49  ft 

'  2  / 

144 

Annulus  total  volume 

-  654(3  25-0  49) 

Volume  of  green  Press-Lam  veneer  -  1,526  ft1 

1.526 

Efficiency  of  veneer  recovery  -  ^  ^  x  100  -  84  5  percent 

BOF  Dimension 

Size  1  714  x  5  248  (green  dimension) 

Average  recovery  per  log  -  67  ft1 
Total  volume  -  67  ft-*  *  23  logs  -  1 .541  ft-* 
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Dry  DrMMd 

Press-Lam 

Dimension  boards 

Size  (4-ply  board)  20  x  1 .5  in.  x  21  ft  (4  375  ft ') 

Number:  258 

Volume:  258x4  375  ft' -  1.129ft' 

Moisture-shear  sections  -  7  ft ' 

Unused  veneer'  -  34  ft  * 

1.170  ft* 

In  addition  to  these  dimension  boards,  some  material  was  used  for  other 
research  purposes  In  a  production  facility,  this  material  could  have  been  converted 
into  finished  product 

Core 

Dry  volume/green  volume  -  volume  loss  factor: 

2x3  (1  5x2  5)/(1  689x2  72)  -  0  82 
2  x  4:  (1  5  x  3.5)  (1  689  x  3  75)  -  0  82 

Net  volume  -  green  volume  x  volume  loss  factor 

170x082  -  139  ft  ' 

Total  volume  «  1170  +  139  -  1 .309  ft  ' 

■OF  Dimension 

Ory  volume/green  volume  -  volume  loss  factor  - 
(1  5x4  5)/(1  714x5  248)  -  0  75 
Total  volume  -  1.541  xO  75  -  1,156  ft1 

-More  shrinkage  in  BOF  material  (0  75)  than  in  Press-Lam  dimension  boards 
(0.82)  was  due  to  lower  moisture  content  needed  for  lamination 


APPENDIX  B 

Methods  UMd  to  Dsrlvs  Allowable  Bonding  Stresses 
for  Stringers 

The  principles  used  to  adjust  lumber  test  data  to  allowable  design  properties  are 
those  presented  in  ASTM  D  2915  (4).  The  lower  fifth  percentile  of  the  distribution 
was  estimated,  and  reduction  factors  were  applied  to  account  for  load  duration  and 
protection  against  overload.  A  factor  to  account  for  preservative  treatment  was  also 
applied. 

As  proofloading  was  to  be  used  to  assure  the  design  levels,  it  was  not  believed 
necessary  to  calculate  tolerance  limits.  Rather,  a  point  estimate  of  the  fifth 
percentile  was  made  by  standard  statistical  methods  (22).  The  data  were  assumed 
to  be  normally  distributed  and  the  fifth  percentile  was  calculated  as  "t"  standard 
deviations  below  the  mean.  For  18  data  points  (1 7  degrees  of  freedom),  t  -  1 .740. 
Using  the  mean  of  5.4S5  pel,  the  standard  deviation  of  503  psi,  and  letting  NM 
designate  the  near  minimum  of  distribution, 

NM  -  5,455  -(1.74x  503) 

-  4,580  pel 

The  following  factors  then  convert  the  near-minimum  strength  into  the  allowable 

stress: 

Load  duration  and  accidental  overload:  0.475 
Preservative  treatment  factor  -  1/1.1 

Thus,  a  design  level  of  4,580  x  0.475x1/1.1  -  1,980  or  about  2,000  psi  was 
determined 
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APPENDIX  C 

Summary  of  Rallablllty-Baaad  Calculations  Regarding  Proof 
Load  Laval  and  Stringer  Selection  Criteria 

Proofloading  of  Bridge  String*™ 

The  18  bridge  stringers  remaining  after  the  test  program  outlined  previously  were 
prootloaded  in  bending  to  check  tor  manufacturing  defects  and  to  assure  structural 
integrity  Previous  testing  of  large  Press-Lam  members  made  from  low-grade  logs 
indicated  that  an  approximate  design  stress  of  1 .500  psi  could  be  used  (§) 

Although  strength  variability  is  quite  low  for  sound  Press-Lam  timbers,  one 
specimen  in  this  test  program  failed  at  a  load  28  percent  lower  than  the  rest  This 
specimen  was  later  shown  to  contain  a  defective  glueline  The  proofload  level  was 
chosen  to  maximize  the  chance  of  identifying  members  with  such  defects  while 
minimizing  the  chances  of  damaging  beams  that  withstood  the  proofload. 

Literature 

A  rebent  study  at  Washington  State  University  (22)  examined  the  effects  of 
proofloading  on  end-jointed  lumber  Results  showed  no  significant  reduction  in 
strength  of  end-jointed  Douglas-fir  specimens  that  had  been  proofloaded  in 
bending  to  90  percent  of  their  expected  ultimate  strength 

Kisser  and  Steininger  (12)  tested  small,  clear  specimens  of  three  species  and 
found  microscopic  slip  planes  (which  precede  the  onset  of  small  compression 
failures)  at  60  percent  of  ultimate  strength,  and  visible  failures  at  80  percent  of 
ultimate  strength 

Based  on  these  studies,  it  was  assumed  that  the  onset  of  compression  failures 
(the  cause  of  "damage"  during  proofloading)  could  occur  at  a  range  of  bending 
stresses  from  as  low  as  60  percent  of  ultimate  stress  (small,  clear  specimens)  to 
higher  than  90  percent  (end-|ointed  dimension  lumber) 

Proofload  Level 

For  the  purpose  of  this  study,  a  proofload  level  of  3.800  psi  or  70  percent  of  the 
average  expected  ultimate  stress  (83  percent  of  the  estimated  near-minimum 
ultimate  stress)  was  selected  as  a  level  that  would  minimize  the  possibility  of 
damage  and  maximize  the  likelihood  of  detecting  detective  material 

As  only  12  of  the  18  stringers  were  needed  for  the  actual  bridge  and  all 
sucessfully  resisted  the  prootload.  several  criteria  were  used  in  an  attempt  to  select 
the  12  strongest: 

1  Impressions  of  performance  under  load  (audible  cracks,  discontinuous  load- 
deflection  curve,  etc  )  were  considered  Any  evidence  of  abnormal  behavior  caused 
the  specimen  to  be  reacted 

2  The  remaining  stringers  were  used  in  order  of  decreasing  modulus  of 
elasticity  The  good  correlation  between  strength  and  stiffness  in  Press-Lam  has 
been  shown  with  smaller  specimens  This  phenomenon  suggests  that  stiffness 
could  be  used  as  a  criterion  for  selection 

Damage  Considerations 

Statistical  methods  were  then  used,  based  on  a  set  of  assumptions,  to  determine 
the  probability  that  any  of  the  12  "acceptable"  stringers  were  damaged  during 
proofloading 

Several  assumptions  were  made  regarding  the  shape  of  the  data  distribution,  the 
fraction  of  ultimate  load  that  would  induce  damage,  and  the  effectiveness  ol 
stringer  selection  criteria.  In  this  analysis,  the  data  were  assumed  to  be  normally 
distributed.  Damage  threshold  levels  examined  were  either  80  percent  or  85 
percent  of  the  expected  ultimate  load.  Two  levels  of  selection  effectiveness  were 
assumed:  First,  perfect  selection  (theorizing  that  the  six  rejected  stringers  were  the 
six  weakest),  and  secondly,  50  percent  effectiveness  (assuming  that  only  three  of 
the  six  weakest  were  eliminated) 

As  shown  in  Table  C-1 .  only  the  combination  of  the  two  conservative 
assumptions  leaves  more  than  a  negligible  probability  of  damage  in  the  remaining 
stringers. 

Subject  to  the  conditions  noted,  the  proofload  procedure  proved  to  be  an 
effactive  tool  tor  assuring  the  structural  adequacy  of  this  experimental  material. 
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